Background/Objectives: The effects of illness extend beyond the individual to caregivers and family members. This study identified evidence of spillover of illness onto household members' health-related quality of life. Methods: Medical Expenditures Panel Survey (MEPS) data from 2000-2003 were analyzed using multivariable regression to identify spillover of household members' chronic conditions onto individuals' health-related quality of life as measured by the EuroQol-5D (EQ-5D) score (N = 24,188). Spillover was assessed by disease category, timing of occurrence (preexisting or new conditions), and age of the household member (adult or child). Results: Controlling for an individual's own health conditions and other known predictors of EQ-5D scores, the authors found that the odds of an individual reporting full health (an EQ-5D score of 1.0, relative to \1.0) were lower with the presence of existing mental (odds ratio 0.71; 95% confidence interval, 0.64-0.79), respiratory (0.85; 0.75-0.97), and musculoskeletal (0.83; 0.75-0.93) conditions among adults and with mental (0.72; 0.62-0.82) and respiratory (0.80; 0.81-0.96) conditions among children in the household. The odds of an individual reporting full health were also lower for newly occurring chronic conditions in the household, including adults' mental (0.79; 0.65-0.97), nervous/sensory system (0.76; 0.61-0.96), and musculoskeletal (0.78; 0.65-0.95) conditions and children's mental conditions (0.64; 0.48-0.86). EQ-5D dimensions may be unsuited to fully capture spillover utility among household members, and MEPS lacks condition severity and caregiver status among household members. Conclusions: Evidence from a US sample suggests that individuals who live with chronically ill household members have lower EQ-5D scores than those who live either alone or with healthy household members. Averting spillover effects may confer substantial additional benefit at the population level for interventions that prevent or alleviate conditions that incur such effects.
H ealth effects extend beyond the solitary individual who suffers from an acute or chronic condition. Social network research has shown that individuals share their obesity, smoking, and happiness with their family members, friends, and even neighbors. 1 More directly, taking care of an ill or disabled individual imposes a well-documented burden on the caregiver, both in health effects and in quality of life. [2] [3] [4] [5] [6] It has also been demonstrated that an ill individual exerts a psychic or emotional toll on family members who care about the patient, distinct from the toll of caregiving. 7, 8 This body of research suggests that our conceptualization of health outcomes appropriately extends beyond 1 individual to include those surrounding him or her, including both those physically present and those emotionally connected. The implications of this ''spillover'' of illness to surrounding individuals include the consideration of others' health and well-being in clinical decision making and the inclusion of the costs and benefits of multiple individuals in evaluations of health interventions. This article reports EQ-5D utility estimates of ''spillover'' of illness onto surrounding individuals from US population-level data.
Spillover of illness onto others has been documented with measures ranging from specific symptoms (e.g., anxiety, 9 sleep disturbance 10 ), to psychological well-being 11 and physical health. 5, 12 Studies of spillover have often focused on particular health conditions and family/caregiving relationships, such as spouses, 13 parents, 14 children, 15 and siblings 16 of cancer patients 17 ; family members and caregivers of individuals with mental illness (e.g., bipolar disorder, 18 schizophrenia, 19 and dementia 9 ), and family caregivers of stroke patients. 6 A separate literature has quantified spillover disutility for inclusion in economic evaluation (disutility is defined as 1 -utility and in this context indicates the additional ''toll'' that an illness has on surrounding individuals). 20 Health utility is a subjective measure of the value assigned to living in a particular health state, measured on a scale of 0-1 where 0 is the value of being dead and 1 is the value of being in full or optimal health (and allowing for states considered worse than being dead with negative utility values).
Utility measures of spillover effects offer the opportunity for integration of this component of outcomes into decision analyses and cost-effectiveness/ cost-utility analyses. The benefits associated with a particular intervention may be underestimated if spillover of the condition onto other family members is excluded from the evaluation, leading to a less favorable cost-effectiveness ratio than if spillover was accurately captured and included. Averting spillover effects may confer a substantial additional benefit at the population level for interventions that prevent or alleviate conditions that incur such effects. Examples of situations in which spillover is a critical consideration for decision analysis include utilities for health states of very young children in which the parent proxy cannot reasonably separate his or her own utility from that of the child 21 and living organ transplantation in which both donor and recipient are integral to the decision. 22 The estimates provided by this study may inform the conduct of economic evaluations based on quality-adjusted life-years (QALYs) by providing values for inclusion in analyses and by documenting the need for more accurate capture of the entirety of benefits that accrue from an intervention or treatment.
METHODS

Data
We analyzed 4 years of Medical Expenditure Panel Survey (MEPS) data in which EQ-5D scores were collected. MEPS is a set of household-based, in-person interview surveys of the noninstitutionalized US population conducted by the Agency for Healthcare Research and Quality, which collected data at 5 time points over a 2½-year span. 23 We used household component data from panels beginning in 2000, 2001, and 2002 plus EQ-5D responses collected in a supplemental paper questionnaire administered once annually in 2000-2003 to all MEPS panelists active at that time. The resulting data included all family medical conditions occurring over 5 reporting periods (Rounds 1-5) and 2 EQ-5D administrations in each of these 3 panels (at approximately Rounds 2 and 4). The EQ-5D score represents community-perspective utility for a health state described by the respondent completing the EQ-5D instrument, meaning the values that a representative sample of the general population would assign for that described health state. 24 These values are recommended for use in societal perspective cost-effectiveness analysis. 25, 26 
Measures
We used the US EQ-5D valuation set derived by Shaw and others 27 using a calculation algorithm developed and made publicly available by the Agency for Health Care Research and Quality (AHRQ). 28 We used EQ-5D scores from the second administration time for each MEPS panel (at approximately Round 4) as our outcome variable.
Medical condition data are collected at each interview (i.e., ''round'') for all household members, adults and children, in each household included in the MEPS sample. A key respondent is identified for each household who reports medical conditions experienced by each household member during the period between each interview or experienced in the 6 months prior to the first MEPS interview. Medical conditions are defined as health conditions experienced by an individual for which medical care has or has not been received. 23 Reported chronic conditions are coded by MEPS using 3-digit International Statistical Classification of Diseases and Related Health Problems, ninth edition (ICD-9) coding (see online appendix for ICD-9 code categorization). We defined chronic conditions as those with duration of 12 months or expected to result in lasting physical impairment, with distinctions for pediatric and adult conditions, per Hwang and others. 29 We further distinguished between ''existing'' chronic conditions and ''newly occurring'' ones, based on when they were first reported as existing in the household relative to the EQ-5D score. Existing conditions were those first reported in Round 1 or 2 interviews, and newly occurring conditions were those reported as first occurring in the Round 3 interview. Because each interview solicits conditions that have first occurred in the time since the previous interview, ''existing'' conditions first occurred approximately 12-18 months prior to our outcome measure of EQ-5D, and ''newly occurring'' conditions first occurred approximately 6 months or less prior to our outcome measure. We created indicator variables for existing and newly occurring chronic conditions by ICD-9 category among child and adult household members.
Disease categories without any reported chronic conditions or with a prevalence of less than 1% for children or adults in the sample were excluded from the analysis in order to maximize statistical power to detect effects.
Sociodemographic data are collected at entry to the MEPS panel and updated at successive interviews as appropriate (i.e., for characteristics that may change over time, such as income). These data are reported for all household members by the key respondent.
Sample
Each MEPS panel is a selected subsample of approximately 15,000 households from the previous year's respondents to the National Health Interview Survey (NHIS). MEPS sample response rates are a function of multiple rounds of data collection combined with initial selection from the NHIS sample and changes in household composition over the course of the MEPS survey. Estimates of response rates for the MEPS panels included in our analysis range from 64.5% to 66.3%. 23 Our sample consisted of all adults in the 3 MEPS panels in which the EQ-5D was collected, resulting in 24,188 adults who represented 14,043 households. These households included 11,867 children (defined as \18 years of age at the Round 2 interview) who contributed household medical condition data but not EQ-5D data to the analysis (because the EQ-5D is designed for adult responses only). Adults with missing EQ-5D data were excluded, as were adults in households where an ill person left the household before the second administration of the EQ-5D (643 adults in 447 households). MEPS data are publicly available and unidentified. Approval from applicable institutional review boards was granted.
Analysis
We used multivariable regression analysis to estimate the independent association between the presence of household members with chronic conditions and an index adult's EQ-5D score. We modeled an adult's EQ-5D score as a function of household members' preexisting and newly occurring chronic conditions over the MEPS rounds prior to the collection of this score. Because of the high frequency of 1.0 scores in the EQ-5D data, we used Duan's 2-stage modeling approach in which Stage 1 is a logistic model predicting the association between independent variables and an EQ-5D score of 1.0 and Stage 2 is a linear model conditional on an EQ-5D score less than 1.0. 30 The main independent variables of interest were indicators for categories of chronic conditions among the index adult's household members (adults and children), representing conditions that could impose spillover on the index adult's utility. The models controlled for other known predictors of individual utility that were available in the MEPS data, including the index adult's own chronic conditions, age (continuous), race (white), gender (female), marital status (married = 1), and household income (''low household income'' = annual income \US$20,000 = 1). Household composition was included in the models with 2 indicator variables, 1 variable for the presence of at least 1 child younger than 18 years and 1 variable for the presence of at least 1 adult other than the index, to aid in the interpretation of our household member (child or adult) medical condition variables. Regression analyses used general estimating equations (GEEs) to control for clustering at the household level.
Prior to building the multivariable models, we conducted bivariate analyses of each condition indicator variable with the EQ-5D score outcome variable. Multiple model designs were compared using the panel nature of the MEPS data and multiple EQ-5D administrations per person. The final model choice used the last EQ-5D score collected and the prior time intervals' medical conditions data to allow us to determine the temporal association between conditions' occurrence and EQ-5D scores. Additional analyses within this model tested for confounding of the spillover variables due to the occurrence of new chronic conditions in the index adult (as a result of the household members' conditions) by comparing the inclusion and exclusion of the index adult's own newly occurring conditions. These analyses yielded similar results for the spillover variables, and therefore only the final model including these variables is presented here. Our analysis did not distinguish between 1 or more children or adults in a household or between 1 or more conditions in any ICD-9 category, because households with multiple other adults or multiple children with chronic conditions totaled less than 1% of the analytic sample. Model fit was assessed for the logistic model using the likelihood ratio test and for the linear models with an R-squared statistic. All analyses were conducted using SAS version 9.2 (SAS Institute, Cary, North Carolina).
RESULTS
Our MEPS sample consisted of adults with a mean age of 45 years, 54% of whom were female, 64% non-Hispanic white, and 60% married ( Table 1 ). Half of the individuals (50%) lived in a household with at least 1 child under 18 years, and 91% lived with at least 1 other adult. Chronic conditions were present in almost one-third of the adults in the sample (31%), with 38% of adults living in a household with another adult with a chronic condition. Most commonly reported adult chronic conditions were hypertension, diabetes mellitus, joint diseases, and mental disorders (primarily depression), and childhood conditions were respiratory conditions (e.g., asthma and allergies) (results not shown). The mean EQ-5D score was 0.86; 46.9% of the sample reported an EQ-5D score of 1.0, and the remainder reported scores from -0.11 to 0.86. Our multivariable regression model was conducted in 2 stages. The Stage 1 logistic model predicted the independent odds ratio of the index adult having an EQ-5D score of 1.0 versus less than 1.0 based on the presence of household members with chronic conditions, controlling for other predictors of health utility. In this model, certain chronic conditions in household members showed a statistically significant association: Mental disorders among adults and children in the household, musculoskeletal system diseases among adults, respiratory conditions among adults and children, and adult nervous/sensory system diseases were all associated with significantly lower odds of the index adult reporting an EQ-5D score of perfect health (1.0) relative to households that did not include members with these conditions (Figure 1a ; confidence intervals that do not cross the vertical line at 1.0 indicate significant results). In general, the spillover odds ratios were similar for existing and newly occurring conditions, showing approximately a 30% reduction in odds of the index person reporting perfect health (EQ-5D = 1.0) when a household member has 1 of these conditions (new and existing, or either one), although the confidence intervals are somewhat narrower for existing conditions compared with newly occurring ones (likely attributable to smaller sample size for the newly occurring conditions). The largest magnitude association was observed for newly occurring mental health conditions among children in the household, with an odds ratio of 0.64 (95% confidence interval [CI], 0.48-0.86), and the smallest significant association was for existing respiratory conditions among children, with an odds ratio of 0.88 (95% CI, 0.81-0.96). The control variables showed the largest significant associations with the outcome measure, exceeding the magnitude of any of the spillover variables. The index adult's own chronic conditions (existing and new) had the most substantial association with the decreased probability of reporting perfect health on the EQ-5D (e.g., odds ratio for one's own existing mental health disorders = 0.27; 95% CI, 0.24-0.30). Bivariate (unadjusted) results showed similar and generally larger magnitude results (Figure 1a ; shown as dotted confidence interval bars below solid, adjusted results for each condition category). The second stage of our 2-part model included only those respondents reporting an EQ-5D score of less than 1.0 (53.1% of sample; n = 12,852) and was conducted as a linear regression model predicting the association between a household member's chronic conditions and the index adult's EQ-5D score. Among these individuals, chronic conditions among household members were less consistently associated with a lower EQ-5D score for the index adult than in the Stage 1 sample, with only mental disorders among adults or children and musculoskeletal conditions among adults showing a significant association (Figure 1b ; confidence intervals that do not cross the vertical line at 0 indicate significant results). These results show rather small effect sizes, ranging from -0.01 for existing musculoskeletal diseases among adults (95% CI, -0.021 to -0.002) to -0.03 for these diseases when newly occurring (95% CI, -0.049 to -0.009). Curiously, existing cancers (neoplasms) in other adults in the household were significantly associated with an increase in EQ-5D score (0.015; 0.0004-0.029), although this association was only significant in the multivariable model. As noted in the Stage 1 model, the index adult's own chronic conditions were consistently associated with a statistically significant lower EQ-5D score, ranging from -0.013 for existing diseases of the circulatory system (-0.02 to -0.006) to -0.072 for existing mental disorders (-0.082 to -0.062). Complete regression model results are included in the online technical appendix.
DISCUSSION
Our findings provide empirical evidence of spillover disutility for certain chronic conditions among household members. We found that adults living in households with chronically ill family members with mental health, respiratory, and musculoskeletal conditions were more likely to report deficiencies in their own health utility and to experience lower utility scores at the occurrence of chronic illness in the household compared with adults living alone or with healthy household members. Although the magnitudes of the associations were small, their existence in a large US sample provides compelling evidence that utility losses are associated with the presence of illness in household members. Our findings confirmed that although one's own health and income are the most important contributors to EQ-5D utility scores, household members' health can show a small and significant association with one's utility above and beyond these individual-level characteristics.
The importance of spillover of illness for costeffectiveness analysis and medical decision making has been noted. 3, 20, [31] [32] [33] [34] Evaluation of the burden of disease or the effectiveness of interventions is incomplete without consideration of the full spectrum of effects of disease on society, including both the affected individual (i.e., patient) and others. 25 The questions raised by this acknowledgement are 2fold: how to measure spillover effects and how to incorporate them into analyses. 35 How to measure effects has been addressed empirically and conceptually, with somewhat less attention devoted to how to incorporate effects. Previously published estimates of the spillover disutility ''toll'' are arguably small (0-0.5), and studies are characterized by relatively small samples. [36] [37] [38] [39] [40] Our results expand the literature by using a larger sample than any previous research and including all household members whether identified as a caregiver or not. We found consistency with the literature in that spillover is small, confined to some but not all categories of conditions, and possibly difficult to detect (as evidenced by the presence of conflicting results).
Some limitations of our results should be noted, primarily related to the MEPS data, all of which likely diminished our ability to detect spillover. MEPS does not collect data on the severity of medical conditions, just their occurrence, so our assessment of spillover for any condition category included the entire range of mild to severe. MEPS does not query about the resolution of conditions, and because all conditions included in our analysis are chronic, they are assumed to persist until the Round 4 collection of EQ-5D data. In addition, MEPS does not collect caregiver status, which is likely an indicator of family members most likely to experience spillover. MEPS data do not allow for consideration of ill family members not physically co-located with our sample adults, potentially introducing individuals who were experiencing spillover from nonproximate family members in our no-spillover group. And finally, the EQ-5D has acknowledged limitations in scope and depth that may limit its ability to capture spillover disutility, especially a small effect, including the dimensions included in the instrument (of which likely only anxiety/depression would reflect spillover) and the limited levels of impairment measured. 39 Some have suggested that spillover effects on caregivers may completely evade the domains included in health-related quality of life and rather occupy an entirely different ''evaluative space'' beyond that inhabited by evaluations focused on patients. 36 This proposition would suggest that utility measures are fundamentally incapable of capturing spillover. It has also been suggested that family members and caretakers may find satisfaction from caretaking or experience emotional/spiritual benefits from handling adversity, 7,37 which would create noise in results. Our ongoing research on spillover measurement uses direct utility elicitation to allow individuals to include whatever dimensions of health and well-being are relevant to them when evaluating their spillover utility, with the goal of overcoming some of the limitations of the current analysis.
Cost-effectiveness and comparative effectiveness research is informed by our findings suggesting that in order to fully capture the effects of a health intervention, benefits must be measured across the family unit of the ill individual. Methods of inclusion of spillover disutility into evaluations have yet to be formally compared. The calculation of QALYs at the family level may involve the combination of individual utilities or an entirely separate family-based quality of life weighting measure. Evidence from the literature on combining utilities may be informative in this area, suggesting the inadequacy of simple summation across or within individuals. 38, 40 The question of integration of spillover effects into costutility analysis remains important to the field, particularly as evidence mounts for the existence of these effects and their magnitude. Advances in this field will require work on the methods of measuring spillover as well as methods to incorporate spillover into evaluations of interventions. 31 Progress in both areas would allow for a more complete picture of benefits accrued relative to resources expended and thereby improve our understanding of effectiveness and comparative effectiveness in health.
